We present and analyze 17 consecutive years of UBVRI time-series photometry of the spotted giant component of the RS CVn binary HD 208472. Our aim is to determine the morphology and the evolution of its starspots by using periodsearch techniques and two-spot light-curve modelling. Spots on HD208472 always occur on hemispheres facing the observer during orbital quadrature and flip their location to the opposite hemisphere every approximately six years. The times when the spots change their preferential hemisphere correspond to times when the light curve amplitudes are the smallest and when abrupt changes of the photometric periods are observed. During these times the star is also close to a relative maximum brightness, suggesting a vanishing overall spottedness at each end of the previous cycle and the start of a new one. We find evidence for a 6.28±0.06-yr brightness cycle, which we interpret to be a stellar analog of the solar 11-year sunspot cycle. We also present clear evidence for a brightening trend, approximated with a 21.5±0.5-yr period, possibly due to a stellar analog of the solar Gleissberg cycle. From the two-spot modelling we also determine an upper limit for the differential-rotation coefficient of α = ΔP/P of 0.004±0.010, which would be fifty times weaker than on the Sun.
Introduction
Attention was drawn to HD 208472 (V2075 Cyg) only after its strong Ca II H and K emission was discovered by W. Bidelman in 1991. Henry et al. (1995) discovered its photometric variability, determined a photometric period of 22.54 days, and presented a preliminary orbital period of 22.6 days, showing this star to be a synchronous rotator. They concluded that the system is very active as evidenced by its large-amplitude V -band variations of 0.
m 36 in 1993 and Hα-line emission well above the continuum. Later, Fekel et al. (1999) presented the orbital elements, refined the orbital period to 22.62293 days and confirmed the G8III classification from Henry et al. (1995) . A more comprehensive photometric study by Strassmeier et al. (1999) witnessed a continuous decrease of its light-curve amplitude from 0.
m 12 in late 1996 to 0. m 07 in mid 1997. Such large changes are typical only for the most active stars. The photometric period was confirmed to be 22.42±0.12 days. The star was also detected as a variable star in the Hipparcos epoch photometry with a period of 22.32 days (Koen & Eyer 2002) . Just recently, Erdem et al. (2009) presented new multi-band CCD photometry acquired in 2006 and 2007. Based on data obtained with the Amadeus T7 Automatic Photoelectric Telescope at Fairborn Observatory, jointly operated by the University of Vienna and AIP, the Tennessee State University T3 0.4 m APT at Fairborn Observatory, operated by Tennessee State University, and the telescopes of the Ege University Observatory in Izmir.
Corresponding author: orkun.ozdarcan@ege.edu.tr Weber et al. (2001) presented the first (and so far only) Doppler images of HD 208472, based on observations taken at the U.S. National Solar Observatory between 1996 and 1997. These images were refined and discussed in more detail in Weber (2004) and Weber et al. (2005) . All maps showed pronounced spot activity located at low to intermediate latitudes. No polar spot, as seen on many other rapidly-rotating giants, was observed. While a shearedimage, line-profile inversion suggested anti-solar differential rotation with a differential-rotation coefficient of α = −0.04±0.02, a direct cross-correlation analysis of the three available Doppler images revealed uncertainties larger than the above value. Therefore, Weber (2004) and Weber et al. (2005) did not claim to have resolved differential rotation of HD 208472. For comparison, a summary of existing Doppler images is given in Strassmeier (2009) .
In this paper we present and analyze 17 consecutive years of time-series photometry of HD 208472. The sampling is such that we can easily see the rotational modulation within every one of the 17 observing seasons. Such unique data sets are possible with the advent of automatic photometric telescopes (APTs) and their continuous operation, e.g., at Fairborn Observatory (Genet et al. 1986; Henry 1995a; Granzer et al. 2001 ). We present and briefly describe the various telescopes and instrumental set ups in Sect. 2. In Sect. 3, we consider the global, long-term behavior of the spots on HD 208472, and in Sect. 4, we analyze the rotational modulation in the 17 annual light curves. We present a summary and our conclusions in Sect. 5. 
Observations and data reductions
Photometry was collected from three sources as summarized in Table 1 . Firstly, the TSU 0.40 m APT, located at Fairborn Observatory in southern Arizona, produced a continuous 17-year set of Johnson B and V measurements since 1992. For details on the data reduction procedures and performance of this telescope see Henry (1995b) . Secondly, a total of 13 years of continuous Johnson-Cousin VI C data, beginning in 1996, were acquired with the 0.75 m Vienna University/AIP APT "Amadeus", also located at Fairborn Observatory. The Vienna/AIP APT is optimized for the red part of the spectrum with an EMI-9828 phototube and Johnson-Cousins filters. For more details see Strassmeier et al. (1997) . Thirdly, numerous Johnson UBVR and Strömgren uvbyβ observations were made between 1996 and 2010 with the 0.48 m Cassegrain (A48) and the 0.30 m Schmidt-Cassegrain (T30) telescopes at Ege University Observatory (EUO). An Optec SSP-5 photometer was used on both EUO telescopes.
Nightly means of the EUO observations were created from 6-8 individual readings and were corrected for atmospheric extinction as described in Hardie (1962) . Its precision of a nightly mean was usually below 0. m 01 in V . Transformation of the EUO observations to the standard Johnson and Strömgren systems was performed with coefficients determined from the 2009 observations with the SSP-5 photometer on telescope T30. Nine stars from the list of Andruk et al. (1995) were observed for the Johnson passbands; 15 stars from the catalogue of Hauck & Mermilliod (1995) were used for the Strömgren passbands. We list the transformation coefficients in the appendix.
HD 208916 was used as comparison star for both the TSU and the EUO data. The Vienna/AIP APT used HD 208431 as its comparison star but the TSU/EUO comp star, HD 208916, as the check star. Therefore, we employed the variable-minus-check star differential magnitudes from the Amadeus APT to place all the observations on the same brightness scale.
www.an-journal.org m 1 with time is evident. Also note that the light-curve minima increased more dramatically than the light-curve maxima. Usually, the maximum light levels remained fairly stable except during times when considerable amplitude changes were observed. For the first half of the whole data (from 1992 to 2001), the mean brightness seems relatively constant when compared to the individual light-curve amplitudes. During the second half (from 2001 to 2009), the light-curve amplitudes seem relatively constant while the mean brightness dramatically changed. In any case, the assumption of a constant amplitude and averaged brightness would cause slightly erroneous astrophysical parameters if derived solely from photometric data (see Sect. 3.3 and Fig. 4) .
All color indices get systematically bluer towards the end of our data in early 2010. Not too much can be said about (U − B) and (V − R) due to the relative sparsity of data but the trend is even evident in these indices. On the other hand, when (B − V ) and (V − I C ) are compared, it is seen that the red color shows on average more pronounced variations than the blue color, which indicates that the variations are dominantly due to less and less cool spots, rather than more warm plages or faculae.
Mean brightness, amplitudes and the unspotted brightness
To investigate the seasonal changes of the mean brightness, the light-curve amplitudes and the photometric period, we divided the V data into 35 subsets. We obtain the average of the maximum and minimum magnitudes separately m 28). The bottom panel plots the mean V brightness versus the peak-to-peak amplitude. It indicates a weak trend that larger amplitudes occur when the star is fainter.
in each subset and then calculate the average of the mean maximum and the mean minimum magnitudes and denote it the mean brightness for corresponding data set. To calculate light curve amplitudes of the sets, we consider the differences between mean maximum and mean minimum magnitudes in each set. In Fig. 2 , we show the mean brightness versus the light curve amplitude (upper panel) and the light curve amplitude versus the minimum light level (lower panel). The decrease of the mean brightness with increased amplitude indicates again the preference of cool spots over warm, faculae-like structures on the stellar surface. This becomes even more evident when individual light curves are investigated both in brightness and color (see later Sect. 4). Color indices get redder at times that correspond to light minima.
The minimum brightness versus amplitude plot in Fig. 2 shows that the star appears generally brighter when the amplitude is smaller. By using the method given by Oláh et al. (1997) , we can estimate the unspotted brightness, i.e. the brightness when the amplitude is zero. For that purpose, we consider the points that define the upper envelope (open squares in Fig. 2 ) and apply a linear fit to them. The fit intersects the minimum-brightness axis at about 7.
m 28, where the amplitude would be zero, i.e., the star is unspotted. That value almost coincides with the observed maximum light level during the year 2009/10. Therefore, we may state that the star was at, or very close to, its unspotted brightness in at least that observing season. The long-term V-amplitude decrease also suggests a decrease of the spotted area, while the additional blueing of the average color variations suggest an increase of the spot temperature towards 2010. Combining Table 2 . The dashed line is its reddening line with a slope of 0.72. The plus sign (+) shows the place of the star after the U − B and B − V excesses were removed. The dashed-dotted line shows its reddening. Standard-star data were taken from Drilling & Landolt (2000) and are shown as filled circles for main sequence stars, crosses for supergiants and open squares for class-III giants.
these changes with the overall brightness variation, we conclude that the activity level of the star considerably changes with time. We will model this behavior more quantitatively in Sect. 4.
Interstellar reddening and astrophysical parameters
As HD 208472 is a class III giant, it is important to determine the E(B − V ) color excess accurately in order to find the intrinsic photometric indices and therefore the star's effective temperature. Unfortunately, the galactic coordinates of the star, = 92.
• 8408, b = −7.
• 9172, do not permit to use any particular extinction law because the extinction can not be determined reliably for this galactic latitude range of −10
At this point, we rely on our standard Johnson UBVRI measurements during the year 2009, when the star was close to its unspotted brightness, as determined above. We then calculate the unspotted brightness and the colors, both for Johnson and Strömgren data, from the maximum brightness level in 2009 and list them in Table 2 . m 842. Such a blue B −V would indicates a G4-5 spectral type rather than the G8(III) classification obtained by Henry et al. (1995) , the latter based of high-resolution spectroscopy. In fact, we 
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Strömgren Johnson Strömgren
believe that HD 208472 exhibits a U − B and B − V excess that could be the result of bright chromospheric structures like faculae. Amado (2003) m 248, and leads to (B − V ) 0 = 1. m 053. This color indicates a G8-K0 spectral type, in better agreement with the result of Henry et al. (1995) . With E(B−V ) = 0. m 127, we also calculate the unreddened Strömgren brightness and colors using the relations in Fitzpatrick (1999) and references therein (see his Table 2 ). Our final de-reddened brightness and colors of HD 208472 are summarized in Table 3 .
The effective temperature of the star is estimated from (B − V ) 0 to be 4540 K according to the calibration by Drilling & Landolt (2000) , 4750 K according to the calibration by Flower (1996) , and 4790 K according to Gray (2005) . In this paper, we adopt the calibration by Flower (1996) and use 4750 K for our further analysis. Its typical error is 100 K for a star of this color. Metallicity can be determined from the Strömgren (b − y) 0 and (m 1 ) 0 indices. With the aid of the relations given, e.g., by Hilker (2000) , we find [Fe/H] = -0.50±0.25. Due to its large error, we just interpret this metallicity to be subsolar. There is a clear need for a spectroscopic analysis to either confirm or to refine this [Fe/H] value.
By combining our photometry with the refined Hipparcos parallax of 6.55 ± 0.53 mas (van Leeuwen 2007), we calculate distance and absolute brightness and list them in Table 4 . For the inclination, we adopt the v sin i value of 19.7±1 km s −1 from Fekel et al. (1999) , assume the orbital period to be equal to the rotation period, and a radius from www.an-journal.org Table 4 Absolute photometric parameters of HD 208472. The bolometric correction, B.C., was taken from Flower (1996) .
4750 ± 100 B.C.
-0.437 Hipparcos distance (pc) 153
the Stefan-Boltzmann law by using a solar M bol value of 4. m 74, and obtain 60
• . Note that the uncertainty of the inclination of just 8
• is mainly from the uncertainty of the v sin i measure, the actual error is likely larger.
A spot cycle from mean brightness variations
Undulating variations in overall brightness of the star beyond the simple rotational modulation may indicate the existence of a spot cycle analogous to the solar 11-year cycle. Although the first half of the whole light curve (from 1992 to 2001) shows almost none or at least very small variations of the mean brightness, but rather large variation in individual light curve amplitudes, assuming a truly constant mean brightness might oversimplify the situation because we observe a clear long-term trend in mean brightness. We applied a standard Fourier transform (FT) analysis to the V data by using the Period04 program (Lenz & Breger 2005) . The brightening trend in Fig. 1 can be represented by a harmonic with a period of 21.5±0.5 years, significantly longer than the 17 years of time coverage of the data. Nevertheless, it might at least be an indication of a cycle like the Gleissberg cycle for the Sun (e.g. Kolláth & Oláh 2009 ). We then prewhiten the data with that period and treat the residuals again by means of a Fourier fit and find a period of 6.28±0.06 years. This period seems reasonably well established with respect to the time coverage of the data and thus suggests a true spot cycle. Figure 4 shows the mean brightness variation and the residuals after pre-whitening with a 21.5-yr period (lower panel) together with the fit by a 6.28-yr harmonic.
Photometric period variations
Straightforward solar-stellar analogy explains variations in the photometric period as being due to latitudinal migra- Table 5 Photometric periods (with errors) in days, the light curve V amplitudes in magnitudes, and the residual V brightness with respect to the 21.5-years approximation as shown in the top panel of Fig. 4 . Out of the 35 data subsets, just data set #16 did not allow to determine a unique period due to its sparse data coverage. tion of spots on a differentially rotating surface (Hall 1972; Strassmeier & Bopp 1992) . The migration could be induced gradually due to, e.g., meridional circulation or could be abruptly when a current spot's lifetime ends and another spot at a different latitude appears. However, complex evolutionary morphology changes may also contribute to (photometric) period variations. Due to the shearing force of a differentially rotating surface, the resulting break up of large spots or spot clusters that spread over a certain latitude range may also give rise to photometric period variations (Strassmeier et al. 1994; Fekel et al. 2002 ; see also the starspot reviews by Berdyugina 2005 and Strassmeier 2009 ). FT is usually used to determine photometric periods but in case of active stars it is problematic because most spotted stars show asymmetrically-shaped light curves. For asymmetrical light curves, it is more efficient to use statistical methods, like Phase Dispersion Minimization (PDM; statistics to improve the quality of the fit. We use the PER-ANSO software (Vanmunster 2007) to apply the method. Before the actual period analysis, we first remove the brightening trend by approximating it with a 21.5-year sinusoidal period. We believe that this brightening trend stems from a symmetric activity component which we can not resolve on the stellar surface with photometric data, e.g., like a band of spots around the star, or a polar cap-like spot (see Sect. 4.3). The resulting seasonal periods, residuals and amplitudes from the pre-whitened data are shown in Fig. 5 along with their respective errors. The numerical values are listed in Table 5 . A large number of the periods seem to fall below the orbital period of the system. In case we assume a solar-like differential rotation pattern, the co-rotation latitude would be located at mid-to-high latitudes.
Figure 5 also shows that there are times of jumps of the photometric period and that they may be related to times of maximum mean brightness as well as minimum amplitude. This is indicated by the vertical dashed lines in Fig. 5 . The period jumps are possibly systematic and can be brought in agreement with the 6.28-yr period of the mean brightness, which we interpreted to be due to a starspot cycle. Of course, one has to keep in mind that the period errors will increase when the amplitudes decrease, which complicates the interpretation. The early data between 1992-1996 showed the highest amplitudes and thus the most well-defined periods. While the amplitude dramatically decreased until 1997, the mean brightness started to increase from 1994 on. Therefore, the six-year period still seems a reasonable and solid estimate.
We see these period variations also from an O − C analysis of light-curve minima with respect to the orbital period. The latter is assumed to be constant during the epoch of our photometric observations. We take the time of the first lightcurve minimum in 1992 as the reference epoch and assume the orbital period to be the stellar rotation period. This reference epoch and the orbital period from Fekel et al. (1999) give the following ephemeris (Eq. 1):
T 0 (HJD) = 2 448 890.9394 + 22.
d 62293×E.
The resulting O − C diagram is shown in the upper panel of Fig. 6a that has been given by Henry et al. (1995) from their period analysis of an early TSU subset of the present data in that it is also shorter than the orbital period. It supports the picture that spots were preferentially located at latitudes either below or above the co-rotation latitude, only depending on whether the surface of HD 208472 rotates according to a solar-like differential rotation law or an anti-solar law in the sense that the polar regions would then rotate faster than the equatorial regions.
After removing the linear fit according to Eq. (2), we show the new residuals, dubbed O − C II, in the lower panel of Fig. 6a . These residual slopes allow a determination of mean photometric periods for a given time range. For that purposes, we divide the residuals into 10 subsets by extracting portions of data that appear with a linear slope. Every slope would then give the difference between its best-fit photometric period and the grand mean period determined above. The resulting 10 periods are plotted in Fig. 6b and listed in Table 6 . The distribution of periods appears similar to the ANOVA result in Fig. 5 (top panel) , and can be grouped again as before. We take this as confirmation that the period variations are indeed real and that the abrupt changes are also seen from the O − C analysis.
Spot modelling

A period-amplitude-brightness relation?
Before we attempt to model the individual light curves, we investigate whether there are relations between the photometric period, the light curve amplitude and the mean brightness of the star, just as observed in the solar case and already indicated in Fig. 2 . In case of the Sun, rotational periods of spots change gradually as the sunspot cycle progresses (see Fröhlich 2009 ). On the other hand, the mean brightness (or irradiance) of the Sun starts to increase from the beginning of the cycle towards the middle due to the more dominant facular contribution with respect to that from spots, and decreases after maximum sunspot activity towards the end of cycle. At times of maximum activity we would observe larger light curve amplitudes if we observed the Sun as a star, and the photometric period would have some average value between the maximum period (≈28 days) and the minimum period (≈25 days).
In Fig. 7 , we show the distribution of the periods versus the mean brightness (left panel), and the light-curve peak-to-peak amplitude versus the period (right panel) for HD 208472. The mean V brightness does not show any particular relation to the photometric period other than that most of the periods are shorter than the orbital period. The photometric periods generally decrease with the peak-topeak amplitude, which may indicate the end (or start) of a particular spot cycle (or lifetime cycle) on HD 208472. However, any amplitude variation might be also a conse- quence from a simple spot redistribution on the surface, e.g. via a break up due to the shear from differential rotation, but for HD 208472 the cyclic mean brightness variation in time supports the cycle interpretation.
Spot-model assumptions
We assume a two-spot distribution throughout the entire observing record for HD 208472. Clear asymmetries and the sometimes doubled light-curve minima per rotation are indicative of a distribution of favorably two large spots or two conglomerates of smaller spots, i.e. two active regions. It is based on the two spot model from Budding (1977) and Dorren (1987) , who had negligible differences in their application though. We chose the model of Budding (1977) as implemented by Ribárik et al. (2003) . In practice, we applied the code SPOTMODEL (Ribárik et al. 2003) . This code allows to fit three parameters per spot (latitude, longitude, and radius) by using the Marquardt-Levenberg non-linear least squares fitting algorithm (Levenberg 1944; Marquardt 1963 ). The code is also able to determine spot temperatures from two color data and we employ our B − V and V − I C color curves throughout the 17 years of observation to do so. Other parameters that are assumed constant are the inclination of the rotational axis of 60
• (see Sect. 3.3) and the bandpass-dependent, linear limb-darkening coefficients from van Hamme (1993).
Results
All spot modelling is done with the residual light curves after removal of the brightening trend described in Sect. 3.5. First, we calculate spot temperatures from B − V and, for data taken after 1996, also from V − I C . The resulting spot temperatures for every (annual) data subset are plotted in Fig. 8 . No significant cyclic or dramatic changes are seen in these spot temperatures throughout the years, except some scattering due to the sometimes very different peak-to-peak amplitudes. Intrinsic scatter comes from the different sensitivity of the B and I C bandpasses to faculae and their timedependent appearance, e.g., in around 1997 or around 2006. Such scatter likely causes a few hundred Kelvins of error, in particular if the B bandpass is involved. We adopt an grand average spot temperature of 3900 ± 275 K from B − V and V − I C . The rms of 275 K is higher than the typical error of a seasonal spot temperature but includes intrinsic uncertainties like faculae and thus represents a fairly conservative value. Then, by assuming this spot temperature to be constant throughout the 17 years of observations, we fix the flux ratio between spot and unspotted photosphere, k w , to 0.454 and adopt it for the further modelling.
Before modelling each individual light curve, we try to constrain the expected spot latitudes. Adopting solar analogy, we implement a solar type differential rotation law on the surface of HD 208472. Because spot longitudes and radii of spots are better constraint than their latitudes, we consider the photometric periods from Table 5 (shown in Fig. 5 ) with respect to the co-rotation period and estimate preliminary latitudes for each of the spots and keep them fixed. We then run SPOTMODEL and calculate the remaining free parameters iteratively (longitudes and radii). After that, we take the latitudes as free parameters and, together with the longitudes and radii from the previous step, run the code again to achieve the final models. A sample lightcurve fit with a representative image of the distribution of the spots is shown in Fig. 9 , the actual numbers are summarized in Table 7 .
We emphasize that the intrinsic spot changes due to their short-term evolution was not taken into account in our modelling. During some of the data sets, systematic variations of the light-curve shape indicated such intrinsic spot changes from one stellar rotation to the next, e.g. for the season shown in Fig. 9 . Therefore, just an average "map" is obtained for each data subsets. The code always gives the model that has the statistically minimum error but sometimes these maps may not be the best representation of the spot distribution due to its inherent model limitations (circular spots). Solutions with symmetric polar caps also do not seem appropriate since previous Doppler images indicated just high and low latitude spots but no polar caps (Weber 2004 ) and rotationally-modulated photometry is not sensitive to such spots. For the years when the light curves appeared close to sinusoidal, like in 1994, 1995, 1996, and 2001 , we repeated the calculations with iteratively altered latitudes. We were able to model 34 out of the 35 subsets. Data set #16 (year 2000.40) has very small amplitudes and no significant fit was achieved for that set. The final numerical modelling results are given in Table 7 .
The spot longitudes are given with respect to the orbital ephemeris from Fekel et al. (1999) but with their epoch subwww.an-journal.org Table 7 Numerical results from the two-spot modelling of the 34 individual data sets. θ is the spot latitude ranging between −90
• and +90
• (zero denotes the equator), ϕ is the longitude of the spot in degrees and r is the spot radius in degrees on the stellar surface. tracted by one fourth of the orbital period (the star has zero eccentricity),
Fekel et al.'s epoch is a time of maximum radial velocity and at that time the projection of the apsidal line of the system is perpendicular to our line of sight. Our aim is to compare the spot locations more easier, e.g., if the orbital phase in Eq. (3) is 0.0 or 0.5, then the spots are located at the substellar point or 180
• opposite, respectively. Figure 10 , upper panel, shows the resulting longitudes of both spots versus time. We adopt the projected apsidal line of the system as the reference longitude and choose counter-clockwise direction for increasing longitudes. We added 360
• to the longitudes of those spots that have longitudes close to a 0
• or 360 • , for better viewing purpose. The most striking result is that the distribution of the spot longitudes is not random but spots tend to always occur on hemispheres facing the observer during orbital quadrature. Moreover, it seems that about every six years the spots move their preferential location to the respective other hemisphere which nicely fits to our 6.2-year spot-cycle estimate from the mean brightness. Another evidence for this is shown in Fig. 10 , lower panel. By following the phased light curves of consecutive years, these changes of the spot longitudes appear systematic. We interpret this with the well-known "flipflop" phenomenon (e.g. Korhonen & Järvinen 2007; Elstner & Korhonen 2005; Järvinen et al. 2005) . Furthermore, the times when the spots changed their preferential hemisphere correspond to times when the light curve amplitudes were smallest and when abrupt changes of the photometric periods were observed. During these times the star is also close to its relative maximum brightness, suggesting a vanishing overall spottedness at each end of the previous cycle and the start of a new one. Therefore, we interpret this as evidences to support our cycle estimation of 6.2 years. Accordingly, a new cycle should have just begun around 2009/2010.
Differential surface rotation
We use the photometric periods and latitudes of the corresponding data subsets to estimate the differential surface rotation of HD 208472. By assuming a solar-type, sinesquared law of the form in Eq. (4),
the differential-rotation coefficient α ≡ ΔP/P = (P θ − P equ )/P equ and P equ is obtained iteratively from each spot (θ denotes the spot latitude and P equ the equatorial rotation period). Application of a simple linear leastsquares method leads to values of α = -0.003±0.011 and P equ = 22.455±0.134 for spot A, and +0.011±0.009 and 22.336±0.094 for spot B. By taking the average from both spots, our best-guess values are P equ = 22.395±0.114 days and α = 0.004±0.010. This α is basically a nondetection of differential rotation and disagrees with the value from the sheared-image Doppler reconstruction by Weber (2004) of −0.04. Note though that photometry can not determine the true sign of the differential-rotation parameter and is implicitly assumed positive here. However, its amount -if positive or negative -suggests differential rotation significantly weaker compared to the Sun.
Summary and conclusions
Chromospherically active stars have light variations caused by spots rotating in and out of view, enabling the rotation period of the star to be determined for the surface latitude of the spot. However, such latitude dependent rotation will smear out the observed rotational period if one has only short chunks of photometry and it takes long time coverage and good sampling to resolve these periods. By analyzing our 17 years of time-series photometric data of HD 208472, we explored the relation between photometric periods, light-curve amplitudes, mean brightness and the color of the star, spot latitudes and longitudes and arrived at following results.
Firstly, we found evidence for a 6.28±0.06-yr brightness cycle, which we interpret to be a stellar analog of the solar 11-year sunspot cycle. There is also evidence for a second, longer cycle, approximated with a 21.5±0.5-yr period, which could be interpreted as the stellar analog of the solar Gleissberg cycle (Kolláth & Oláh 2009 ). While the longterm mean brightness increases, all color indices tend to get bluer and the rotationally modulated light-curve amplitudes smaller. So far, the star had its maximum brightness level in 2010 and likely was then very close to being unspotted, in agreement with the expectations from a cool spot model. On the other hand, the latest data indicate that the brightness of the star is still rising.
Secondly, we found that the distribution of the spot longitudes is not random but spots tend to always occur on hemispheres facing the observer during orbital quadrature. It appeared that about every six years the spots moved their preferential location to the respective other hemisphere, in agreement with the 6.2-year spot cycle obtained from the mean brightness. We interpret this as evidence for a "flipflop" dynamo behavior (Elstner & Korhonen 2005) because when the spots changed their preferential hemisphere the light curve amplitudes were always the smallest and abrupt changes of the photometric periods occurred. During such flips, or flops, the star was always close to its relative maximum brightness, suggesting that we witnessed a spot minimum. However, the 17 years of data allowed the monitoring of just two such "flips" and at least one "flop", and therefore can not be taken fully conclusive at that point. Because a flip was possibly observed in 2009/10, we predict an according flop near 2015/16. Thirdly, our two-spot modelling is consistent with a differential-rotation coefficient of α = ΔP/P of 0.004 ± 0.010, almost fifty times weaker than for the Sun, but basically represents a non detection of differential rotation.
